Introduction
============

Lung cancer, which originates from the bronchial mucosa or glands, is a malignant tumor with a high mortality rate. Approximately 27% of all tumor-related deaths are caused by lung cancer ([@b1-or-43-06-1906],[@b2-or-43-06-1906]). Non-small cell lung cancer (NSCLC) accounts for the majority (i.e., 85 to 90%) of all lung cancer cases, where the incidence of lung adenocarcinoma has significantly increased to a greater extent than that of squamous cell carcinoma. In addition, it has become the most common type of lung cancer in many countries ([@b3-or-43-06-1906]). With the development of medical technology, multiple chemotherapy drugs, such as platinum/pemetrexed ([@b4-or-43-06-1906]), gefitinib ([@b5-or-43-06-1906]), paclitaxel ([@b6-or-43-06-1906]) and cisplatin ([@b7-or-43-06-1906]), have been widely applied to treat lung cancer including lung adenocarcinoma. As an effective cytotoxic agent, cisplatin is a common first-line drug that is usually combined with other agents for the treatment of lung adenocarcinoma, but its efficacy is largely impaired by increasing chemoresistance ([@b8-or-43-06-1906]). Therefore, it is necessary to further explore the underlying mechanisms of cisplatin chemoresistance in lung adenocarcinoma, which in turn facilitates the designing of treatment strategies for patients with lung adenocarcinoma.

Surgical resection is still the preferred treatment for patients with early-stage lung adenocarcinoma, but the 5-year survival rate of patients with stage I NSCLC is only 45--65% ([@b9-or-43-06-1906]). Local recurrence occurs in approximately 6--11% of patients with stage I NSCLC, while distant metastasis accounts for approximately 23--30% of recurrence ([@b10-or-43-06-1906]). Recurrence and metastasis are important factors in the poor prognosis of patients, and the presence of circulating tumor cells (CTCs) exacerbates these risks. CTCs were first reported by Thomas Ashworth (1869), and are defined as a set of cells that shed from the primary tumor and invade into the blood stream or surrounding parenchyma to form new tumors ([@b11-or-43-06-1906]). Several studies have revealed that CTCs present dynamic changes in epithelial and mesenchymal phenotypes ([@b12-or-43-06-1906],[@b13-or-43-06-1906]) and an increase in the number of CTCs is usually correlated with tumor relapse and chemotherapy/radiotherapy resistance ([@b14-or-43-06-1906]--[@b16-or-43-06-1906]). At present, CTCs have been used as tumor biomarkers in various tumors including breast cancer, colorectal cancer and prostate cancer ([@b17-or-43-06-1906]). However, the function and regulatory mechanisms related to CTCs in lung adenocarcinoma are rarely reported. MicroRNAs (miRNAs) are a class of small non-coding RNAs, with a length of 20--24 nt. Previous studies have demonstrated that several miRNAs, including miR-216a/miR-217 ([@b18-or-43-06-1906]), miR-497 ([@b19-or-43-06-1906]), the miR-200bc/429 cluster ([@b20-or-43-06-1906]) and miR-31, are correlated with drug resistance and recurrence of cancer ([@b18-or-43-06-1906]). In addition, miR-206 has been reported to regulate cisplatin resistance and epithelial-to-mesenchymal transition (EMT) in human lung adenocarcinoma cells partly through targeting MET ([@b21-or-43-06-1906]). miR-15b was found to regulate cisplatin resistance and metastasis via targeting PEBP4 in human lung adenocarcinoma cells ([@b22-or-43-06-1906]). Kitamura *et al* found that the miR-134/487b/655 cluster could regulate TGF-β-induced EMT and drug resistance to gefitinib by targeting MAGI2 in lung adenocarcinoma cells ([@b23-or-43-06-1906]). miR-10a is a member of the highly conserved miR-10 family, and has been confirmed to be involved in drug resistance in several types of cancers. For example, miR-10a, miR-195, and miR-455-3p are correlated with temozolomide resistance in glioblastoma multiforme cells ([@b24-or-43-06-1906]). Bao *et al* reported that serum miR-10a-5p and miR-196a-5p could serve as non-invasive biomarkers for NSCLC patients ([@b25-or-43-06-1906]). Long non-coding RNA RP11-838N2.4 was found to increase the effect of temozolomide in glioblastoma cell lines via suppressing the function of miR-10a ([@b26-or-43-06-1906]). Recently, Sun *et al* revealed that miR-10a knockdown could increase the cisplatin sensitivity of A549 cells via the TGF-β/Smad/STATA3 signaling pathway ([@b27-or-43-06-1906]). However, the function of miR-10a in the resistance of CTCs in lung adenocarcinoma to cisplatin has not been elucidated to date.

Therefore, in the present study, CTCs were isolated from the blood samples of lung adenocarcinoma patients to reveal the function of miR-10a in cisplatin resistance by when comparing with this function demonstrated in A549 and H1299 adenocarcinoma cells. In addition, the downstream target of miR-10a and the underlying signaling pathway involved in this progression were also determined. Based on these results, we hope to provide new information for understanding the cisplatin resistance of lung adenocarcinoma and new insights in the treatment of lung adenocarcinoma.

Materials and methods
=====================

### Patients and sampling

Blood samples from 6 lung adenocarcinoma patients at the Shenzhen People\'s Hospital were collected from May to December 2017. The patients enrolled in this study underwent pathological diagnosis and radiography to confirm the presence of lung adenocarcinoma, and all underwent chemotherapy. All patients signed informed consent forms, and this study was authorized by the Ethics Committee of Shenzhen People\'s Hospital, The Second Clinical Medical College of Jinan University (Shenzhen, China).

### Isolation of CTCs

Isolation of human CTCs was performed as previously reported by Gong *et al* ([@b28-or-43-06-1906]). Briefly, 20--50 ml fresh blood was obtained from lung adenocarcinoma patients and layered over Ficoll-Paque at a density of 1.077 g, and centrifuged at 400 × g for 30 min at room temperature. The cells in the interphase, including lymphocytes, monocytes, and tumor cells, were then resuspended in 300 µl of solution (consisting of 100 µl each of FcR blocking reagent, CD45 microbeads, and CD15 microbeads; purchased from Miltenyi Biotec; Germany) at a density of 5×10^7^ cells. Following this, CD45 and CD15 microbeads were removed using the magnetic auto MACS™ Pro Separator (Miltenyi Biotec). Then, 100 µl of CD326 (Miltenyi Biotec) per 5×10^7^ cells was added and incubated at 4°C for 30 min. Subsequently, the magnetic CD326^+^ and CD326^−^ cells were eluted as epithelial cell adhesion molecule (EpCAM)^+^ and EpCAM^−^ CTCs. Purification of epithelial cells was performed by immunofluorescent staining with anti-cytokeratin antibody (product code ab756; Abcam) to reach up to 95% confluence. CTCs were identified when they presented positive staining by a tumor-specific marker cytokeratin and positive scoring based on the review of a cytopathologist.

### Cell culture

Human lung adenocarcinoma cell lines A549 and H1299 were purchased from the Chinese Academy of Sciences Committee on Type Culture Collection Cell Bank (Shanghai, China) and maintained in Dulbeccos modified Eagles medium (DMEM, Gibco; Thermo Fisher Scientific, Inc.) containing 10% fetal bovine serum (FBS, Gibco; Thermo Fisher Scientific, Inc.). CTCs were maintained in RPMI-1640 medium supplemented with 20 ng/ml basic FGF (Life Technology; Thermo Fisher Scientific, Inc.), 20 mg/ml EGF (Life Technology; Thermo Fisher Scientific, Inc.), 10 ml B27 (Life Technology; Thermo Fisher Scientific, Inc.), and 1X antibiotic/antimycotic (Life Technology; Thermo Fisher Scientific, Inc.). All cells were maintained in a humidified incubator at 37°C with 5% CO~2~ in atmosphere.

### Cell transfection

A549 and H1299 cells were seeded in 6-well plates at a confluency of 40--60% overnight. Then, 50 nm of miR-10a mimic (Guangzhou RiboBio Co., Ltd.) was transfected into A549 and H1299 cells using Lipofectamine 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturers instructions. In addition, cells transfected with the negative control (NC) sequence served as the negative control. After that, the cells were harvested after transfection for 48 h and used for the following confirmation and investigation. For pcDNA3.1-PIK3CA, PIK3CA shRNA and its corresponding scramble sequences (Guangzhou RiboBio Co., Ltd.) were transfected into A549 and H1299 cells using Lipofectamine 2000 according to the manufacturers instructions. After transfection for 48 h, the cells were harvested for further validation and investigations.

### CCK-8 assay

The half maximal inhibitory concentration (IC~50~) of each cell line to cisplatin was evaluated by CCK-8 assay. Briefly, the cells were seeded into 96-well plates at a density of 5×10^3^ cells per well for overnight. The cells were then treated with different concentrations of cisplatin (0, 0.05, 0.1, 0.5, 1.0, 5.0, 10.0 and 50.0 µg/ml) for 24 h. Following this, 10 µl of CCK-8 solution (Boster) was added into each well and incubated for 4 h at 37°C. Subsequently, the absorbance of each well was determined using a microplate reader (BioTek ELx800; BioTek Instruments, Inc.) at 450 nm. Each sample was designed with five repeats and each experiment was performed at least three times.

### Luciferase activity assay

A549 cells were seeded in 6-well plates overnight and co-transfected with miR-10 mimic/NC and psiCHECK2-PIK3CA-3′-UTR-WT (WT)/psiCHECK2-PIK3CA-3′-UTR-MUT (MUT) using Lipofectamine 2000 (Invitrogen) according to the manufacturers protocol. After 24 h of transfection, luciferase activity was measured using dual-luciferase reporter assay (Promega) according to the manufacturers instructions and Firefly luminescence was normalized to *Renilla* luminescence. Plasmids for this assay were purchased from Guangzhou RiboBio Co., Ltd.

### Quantitative real-time PCR (RT-qPCR)

After transfection or treatment, total RNA in the cells was isolated using TRIzol reagent (Takara). Then, RNA was reverse transcribed into cDNA using Bestar qPCR RT Kit (DBI, China) according to the manufacturers protocol. Using cDNA as a template, amplification of genes was performed using DBI Bestar^®^ Sybr Green qPCR Master Mix (DBI) according to the manufacturers instructions on an Agilent Stratagene Mx2000P PCR instrument (Agilent Technologies) under the following conditions: 95°C for 2 min and 40 cycles of 94°C for 20 sec, 58°C for 20 sec, and 72°C for 20 sec. Primers of genes were designed as follows: miR-10a, forward, 5′-ACACTCCAGCTGGGTACCCTGTAGATCCGAAT-3′ and reverse, 5′-CTCAACTGGTGTCGTGGAGTCGGCAATTCAGTTGAGCACAAATTC-3′; U6, forward, 5′-CTCGCTTCGGCAGCACA-3′ and reverse, 5′-AACGCTTCACGAATTTGCGT-3′. Subsequently, the relative gene expression was analyzed using the 2^−ΔΔCq^ method by normalizing to U6 ([@b29-or-43-06-1906]).

### Western blotting

After transfection or treatment, the cells were lysed using RIPA lysis buffer (Pierce; Thermo Fisher Scientific, Inc.) supplemented with a Protease Inhibitor Cocktail (Pierce; Thermo Fisher Scientific, Inc.). Then, the protein concentration of the lysates was determined using the BCA method (Pierce; Thermo Fisher Scientific, Inc.). Following this, the protein solution was boiled with equivalent amounts of loading buffer for 10 min, equal amounts of protein (30 µg) were subjected to 8--12% SDS-PAGE gel electrophoresis, and then transferred onto a PVDF membrane (Millipore). Membranes were blocked with 5% non-fat milk in Tris-buffered saline and incubated with anti-PIK3CA (product code ab40776; dilution 1:1,000), PI3K (product code ab32089; dilution 1:1,000), Akt (product code ab179463; dilution 1:1,000), phosphorylated (p)Akt (product code ab81283; dilution 1:5,000), or GAPDH (product code ab181602; dilution 1:5,000; Abcam) antibodies at 4°C overnight followed by horseradish peroxidase-conjugated secondary antibody (product code ab205718; dilution 1:10,000; Abcam). Subsequently, the protein bands in the membranes were visualized using the ECL method (Pierce; Thermo Fisher Scientific, Inc.) The gel optical processing system (Image-Pro Plus 6.0; Media Cybernetics) was used to analyze the net optical density of the bands.

### Statistical analyses

All statistical analyses were performed using SPSS 16.0 (SPSS lnc.) and GraphPad Prism 6.0 (GraphPad Software). All experiments were performed in triplicate and the average values were calculated and are presented as mean ± standard deviation. Comparisons between two groups were estimated using unpaired t-test or Mann-Whitney U test. P\<0.05 was assigned to indicate statistical significance.

Results
=======

### CTCs present a lower sensitivity to cisplatin than the A549 and H1299 cell lines

A total of 6 lung adenocarcinoma patients were enrolled in this study, including two males and four females average aged is 65.3 years. Their clinical stages ranged from stage II to stage IV. The clinical characteristics of the 6 adenocarcinoma patients are summarized in [Table I](#tI-or-43-06-1906){ref-type="table"}. CTCs were isolated from 6 adenocarcinoma patients, and A549 and H1299 cells were treated with different concentrations of cisplatin to determine the proliferation of each cell line using CCK-8 assay. The results presented that the IC~50~ values of the CTCs from 6 patients (IC~50~=31.14, 25.54, 25.50, 20.73, 17.39, and 21.96, respectively) were significantly higher than that of the A549 (IC~50~=8.184) and H1299 cells (IC~50~=6.80) (P\<0.05) ([Fig. 1](#f1-or-43-06-1906){ref-type="fig"}). These findings indicated that CTCs may have a lower sensitivity to cisplatin than that of carcinoma cells in lung cancer tissues.

### Expression of miR-10a and PIK3CA/PI3K/Akt signaling is altered after treatment with cisplatin

Furthermore, to reveal the underlying mechanism underlying the cisplatin resistance of CTCs, the expression of miR-10a and phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit α (PIK3CA) were detected in CTCs, A549 and H1299 cells after treatment with cisplatin. RT-qPCR revealed that the expression of miR-10a in CTCs was significantly higher than that in A549 and H1299 cells after treatment with cisplatin (P\<0.01, [Fig. 2A](#f2-or-43-06-1906){ref-type="fig"}). Moreover, as determined by western blot analysis, the CTCs exhibited a lower expression of PIK3CA and phosphoinositide 3-kinase (PI3K) than these levels in the A549 and H1299 cells after cisplatin treatment ([Figs. 2B](#f2-or-43-06-1906){ref-type="fig"} and [S1](#SD1-or-43-06-1906){ref-type="supplementary-material"}). Meanwhile, protein kinase B phosphorylation (pAkt) showed similar results as PIK3CA and PI3K, but no obvious difference was observed in Akt expression ([Fig. 2B](#f2-or-43-06-1906){ref-type="fig"}). These findings suggest that modulation of miR-10a expression and PIK3CA in the PI3K/Akt signaling pathway increases the resistance of CTCs to cisplatin.

### PIK3CA is a target of miR-10a

According to miRWalk database, *PIK3CA* was predicted to be a potential target of miR-10a ([http://www.targetscan.org/cgibin/targetscan/vert_71/view_gene.cgi?rs=ENST000 00263967.3&taxid=9606&showcnc=0&shownc=0&shownc_nc=&showncf1=&showncf2=&subset=1\#miR-10-5p](http://www.targetscan.org/cgibin/targetscan/vert_71/view_gene.cgi?rs=ENST000 00263967.3&taxid=9606&showcnc=0&shownc=0&shownc_nc=&showncf1=&showncf2=&subset=1#miR-10-5p), [Fig. 3A](#f3-or-43-06-1906){ref-type="fig"}). Then, the regulatory relationship between miR-10a and PIK3CA was explored using luciferase reporter assay in A549 cells. The results showed that the overexpression of miR-10a significantly decreased the activity of WT-PIK3CA-3UTR (WT+miR-10a), but not the MUT-PIK3CA-3UTR (MUT+miR-10a) ([Fig. 3B](#f3-or-43-06-1906){ref-type="fig"}), indicating that *PIK3CA* is a direct target gene of miR-10a. Finally, A549 cells were transfected with the miR-10a inhibitor, and expression of PIK3CA was detected by western blotting and real-time PCR, respectively. The results showed that miR-10a inhibitor increased both the protein and mRNA levels of PIK3CA ([Fig. 3C and D](#f3-or-43-06-1906){ref-type="fig"}).

### Overexpression of miR-10a or silencing of PIK3CA decreases the sensitivity to cisplatin

Next, the miR-10a mimic or shPIK3CA was transfected into A549 and H1299 cells and the sensitivity to cisplatin was determined using CCK-8 assay. The results showed that overexpression of miR-10a (IC~50~=18.56) and knockout of *PIK3CA* (shPIK3CA) (IC~50~=23.77) significantly increased the IC~50~ value of A549 cells to cisplatin when compared with the blank control (IC~50~=8.184) and NC (IC~50~=8.366, [Fig. 4A](#f4-or-43-06-1906){ref-type="fig"}). In addition, overexpression of miR-10a (IC~50~=10.14) and silencing of *PIK3CA* (shPIK3CA) (IC~50~=12.20) significantly increased the IC~50~ value of H1299 to cisplatin compared with the blank control (IC~50~=6.86) and NC (IC~50~=6.56, [Fig. 4B](#f4-or-43-06-1906){ref-type="fig"}). Moreover, western blotting showed that both miR-10a mimic and shPIK3CA significantly reduced PIK3CA, PI3K and pAkt levels in both the A549 and H1299 cell lines but not the Akt expression level ([Fig. 4C-4F](#f4-or-43-06-1906){ref-type="fig"}). These findings revealed that miR-10a increased the resistance abilities of A549 and H1299 cells to cisplatin by decreasing the expression of PIK3CA in the PI3K/Akt signaling pathway.

### Overexpression of PIK3CA increases the sensitivities of A549 and H1299 to cisplatin

Moreover, *PIK3CA* was also co-transfected with miR-10a mimic into A549 and H1299 cells to explore the effect of the miR-10a/PIK3CA regulatory relationship on sensitivity of lung carcinoma to cisplatin. The results showed that overexpression of miR-10a significantly decreased PIK3CA expression, while overexpression of PIK3CA obviously reversed this effect in both A549 and H1299 cells ([Fig. 5A and B](#f5-or-43-06-1906){ref-type="fig"}). In addition, overexpression of PIK3CA significantly increased the sensitivities of A549 (IC~50~: 11.69 vs. 18.56) ([Fig. 5C](#f5-or-43-06-1906){ref-type="fig"}) and H1299 (IC~50~: 7.71 vs. 10.14) ([Fig. 5D](#f5-or-43-06-1906){ref-type="fig"}) cells to cisplatin after transfecting with miR-10 mimic. These findings indicated that overexpression of PIK3CA increased the sensitivities of A549 and H1299 cells to cisplatin.

Discussion
==========

Recurrence and metastasis of lung cancer are considered as factors of poor prognosis and cancer-related mortality. The presence of circulating tumor cells (CTCs) increases the risk of recurrence and metastasis in patients with lung cancer. Therefore, we isolated CTCs from lung adenocarcinoma blood samples and treated them with cisplatin to detect the resistance of CTCs to cisplatin. Consistent with the increased risk of lung cancer recurrence induced by CTCs, we also revealed that the CTCs presented a lower sensitivity to cisplatin than A549 and H1299 cells. These results indicated that the cisplatin resistance of CTCs further lead to the poor prognosis of lung cancer patients.

miRNAs have been widely acknowledged as important regulators of human cancer by serving as oncogenes or tumor suppressors ([@b30-or-43-06-1906]). miR-10a is a member of the miR-10a family, and has been found to be involved in multiple malignant transformations, including those of breast cancer ([@b31-or-43-06-1906]), glioma ([@b32-or-43-06-1906]), liver cancer ([@b33-or-43-06-1906]) and pancreatic cancer ([@b34-or-43-06-1906]). For instance, Bryant *et al* revealed that miR-10a is abnormally overexpressed in nucleophomin 1-mutated acute myeloid leukemia (AML) and is positively correlated with AML cell survival ([@b35-or-43-06-1906]). Importantly, Yu *et al* also revealed that miR-10a is elevated in non-small cell lung cancer (NSCLC) and is positively correlated with the progression of NSCLC via targeting PTEN ([@b36-or-43-06-1906]). In addition, Sun *et al* demonstrated that downregulation of miR-10a expression decreased cisplatin resistance in A549 cells via the TGF-β/smad2/STAT3/STAT5 signaling pathway ([@b27-or-43-06-1906]). In the present study, miR-10a expression was found to be highly expressed in CTCs when compared to that in A549 and H1299 cells, meaning that the upregulation of miR-10a expression in CTCs may enhance cisplatin resistance of CTCs leading to poor patient prognosis.

Phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit α (PIK3CA) is a p110α subunit of PI3K and often plays a critical role in regulating the activation of the PI3K/Akt/mTOR signaling pathway. The PI3K/Akt/mTOR pathway is closely related with tumorigenesis in breast cancer and hepatocellular carcinoma by regulating proliferation, migration, metastasis and apoptosis of tumor cells ([@b37-or-43-06-1906]--[@b39-or-43-06-1906]). Dysregulated PIK3CA expression was found to result in the abnormal activation of the PI3K/Akt pathway and finally in the development of cancer. Herein, we confirmed that PIK3CA expression in CTCs was lower than that in A549 and H1299 cells after treatment with cisplatin, indicating that the malignant biological behavior of CTCs was more significant than that of lung adenocarcinoma cell lines. Hu *et al* documented that miR-10a could modulate the proliferation of airway smooth muscle cells via directly targeting PIK3CA in the PI3K pathway ([@b40-or-43-06-1906]). Moreover, miR-10a was found to suppress the progression of breast cancer via targeting the PIK3CA in the PI3K/Akt/mTOR signaling pathway ([@b41-or-43-06-1906]). In addition, PIK3CA was confirmed as a direct target of miR-10a and further revealed that miR-10a overexpression obviously decreased the expression of PIK3CA and PI3K and the phosphorylation of Akt. Moreover, upregulation of PIK3CA largely reversed the effect of miR-10a on the proliferation of A549 and H1299 cells by reducing the expression of PI3K and phosphorylation of Akt. Taken together, this evidence suggests that miR-10a directly regulates the PI3K/Akt signaling pathway via modulating the expression of PIK3CA.

In addition to the regulation of the occurrence and development of multiple cancers, the PI3K/Akt signaling pathway is also closely related to cisplatin resistance, whereby this process includes the participation of many miRNAs. miR-221 has been reported to induce cell survival and cisplatin resistance to human osteosarcoma via the PI3K/Akt signaling pathway ([@b42-or-43-06-1906]). Downregulation of miR-497 was found to contribute to the cell growth and cisplatin resistance via the PI3K/Akt signaling pathway ([@b43-or-43-06-1906]). Moreover, Klotho was found to increase lung cancer sensitivity to cisplatin through the PI3K/Akt signaling pathway ([@b44-or-43-06-1906]). In the present study, PI3K and phosphorylation of Akt was obviously downregulated, and miR-10a was highly expressed in CTCs when compared with A549 and H1299 cells, indicating that CTCs present a lower sensitivity to cisplatin than A549 and H1299 cells through downregulation of the PI3K/Akt pathway under cisplatin treatment.

There were some limitations to the present study. First, due to the limited sample size, there may have been some bias between this study and the actual situation. Second, although we confirmed that the miR-10a/PIK3CA axis is involved in the pathogenesis of cisplatin resistance of lung cancer, the exact upstream of miR-10a remains unclear. Despite these limitations, our findings provide new information regarding the mechanism of lung cancer resistance to cisplatin.

In conclusion, miR-10a was significantly upregulated in CTCs, exhibiting higher cisplatin resistance than A549 and H1299 cells. Overexpression of miR-10a enhanced the cisplatin resistance of A549 and H1299 and overexpression of PIK3CA largely reversed this effect via the PI3K/Akt signaling pathway. These findings suggest that miR-10a promotes the cisplatin resistance of CTCs by downregulating PIK3CA expression in the PI3K/Akt signaling pathway.
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![Inhibitory rates for cisplatin treatment in lung adenocarcinoma A549 and H1299 cells and CTCs from 6 patients. CTCs, circulating tumor cells; IC~50~, half maximal inhibitory concentration.](OR-43-06-1906-g00){#f1-or-43-06-1906}

![Expression of miR-10a and PIK3CA in lung adenocarcinoma A549 and H1299 cells and CTCs from 6 patients. (A) Expression of miR-10a was determined by RT-qPCR in A549 and A1299 cells and CTCs. (B) Expression of PIK3CA and the activation of the PI3K/Akt signaling pathway were determined by western blotting in A549 and A1299 cells and CTCs. CTCs were isolated from the blood samples obtained from 6 lung adenocarcinoma patients. \*\*P\<0.01 and \*\*\*P\<0.001 compared with A549 cells; ^\#\#^P \<0.01 and ^\#\#\#^P\<0.001 compared with H1299 cells. PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit α; PI3K, phosphoinositide 3-kinase; pAkt, phosphorylated protein kinase B; CTCs, circulating tumor cells.](OR-43-06-1906-g01){#f2-or-43-06-1906}

![*PIK3CA* is a target of miR-10a. (A) Prediction of the target regulatory relationship between PIK3CA and miR-10a. (B) Regulatory relationship was confirmed by luciferase reporter assay. WT, wild-type, MUT, mutant; NC, negative control; miR-10a, miR-10a mimic. \*\*P\<0.01 compared with the NC group. (C and D) A549 cells were transfected with the miR-10a inhibitor, and expression of PIK3CA was detected by western blotting and real-time PCR, respectively. GAPDH was used as an internal control. \*\*\*P\<0.001 compared with the NC group. PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit α.](OR-43-06-1906-g02){#f3-or-43-06-1906}

![Overexpression of miR-10a enhances the cisplatin resistance of lung adenocarcinoma A549 and H1299 cells. (A) Cisplatin-mediated inhibitory rate of A549 cells after miR-10a overexpression or PIK3CA knockdown (shPIK3CA). (B) Cisplatin-mediated inhibitory rate of H1299 after miR-10a overexpression or PIK3CA knockdown. Expression of PIK3CA and the activation of the PI3K/Akt signaling pathway were determined by western blotting in (C and D) A549 and (E and F) H1299 cells after transfection with miR-10a mimics or shPIK3CA. \*\*P\<0.01 compared with the NC group. PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit α; PI3K, phosphoinositide 3-kinase; pAkt, phosphorylated protein kinase B.](OR-43-06-1906-g03){#f4-or-43-06-1906}

![Overexpression of PIK3CA reduces the effect of miR-10a on cisplatin resistance. (A) Expression of PIK3CA in A549 and H1299 cells after overexpression of miR-10a and PIK3CA. (B) Quantitative expression of PIK3CA in A549 and H1299 cells after overexpression of miR-10a and PIK3CA. Cisplatin-mediated inhibitory rate of (C) A549 and (D) H1299 cells after overexpressing miR-10a and PIK3CA. \*\*P\<0.01 compared with the NC group. PIK3CA, phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit α.](OR-43-06-1906-g04){#f5-or-43-06-1906}

###### 

General characteristics of the 6 patients with lung adenocarcinoma from whom CTCs were collected.

                    Patients                                                   
  ----------------- ----------- ---------- ----------- ----------- ----------- ------------
  Sex               F           M          F           F           M           F
  Age (years)       64          63         66          64          71          64
  Tumor size (mm)   13            8        22          16          24          15
  Node status       N1          N1         N2          N1          N2          N1
  Metastasis        M0          M0         M1          M0          M0          M0
  Clinical stage    II          II         IV          II          III         II
  CTC counts          8         10         55            5         25          15
  Date of surgery   2017/5/13   2017/6/7   2017/8/18   2017/9/15   2017/11/1   2017/11/21

F, female; M, male; CTCs, circulating tumor cells.
